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AR1 56 



IT) 

ON 

IT) 

(57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
T?" a projection optica] system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
S through the projection optical system (PL). An optical element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 
fs| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 

formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
W held between the projection optical system and the substrate, thereby creating a good immersion state. 

^ /81«i 



BEST AVAILABLE COPY 



WO 2004/053956 Al I II ill II II 



(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 2*^:3 — K&tf teroBSKlC-^TI*, 5t*M6fT£ 

FR, GB, GR.HU, IE, IT, LU.MC,NL,PT,RO, SE.SI.SK, %rPCTiSM-°J hfl)*HI=tSK**l.'r T^— KtBSSl 

TR), OAPI (BF, BJ, CF, CG, a, CM, GA, GN, GQ, (MS* if >X J — h J $#B8o 
GW, ML, MR, NE, SN, TD, TG). 



^£P L£*l,-C/<*->©«£SfiP-tfcSlBL-C. S«P SSfiP t £l=fc<* 5 0 tt& 



WO 2004/053956 



PCT/JP2003/015735 



* ^ - V t £45 £ £> S«E * ^ - v h £ * L . T * £ 7. =r - VJk If&fa * =r 
2 4 8 n mUfoZbK Ml3&}&«CDA r F^=^ v ^ U-+f <D 1 9 3 nmtiM 

^ti^ofeSo «3t*fT-5i«iiiix nm&tmmizm&igm. (dof) t, 

R = k, • A/NA ••• (1 ) 

<5=±k 2 - A/NA 2 ••• (2) 
ZZTr, AliS^S. N AliSHeft^fcflDRJnBu k i . k 2 li7a-b*ft 
2&Trfe£>o (1)5t, (2) HHfcJSERfcfctofcfcfcl^ «*»*Aftfi 

< Lis WNA^t<nt, Jfc£ai£$#3*< ftiifc^So 



1 



WO 2004/053956 PCT/JP2003/015735 



&mt59 9/4 950 4^m^m7r^tixi^mmi^mm^HTi^ 0 zcd 

tefa^TrCDmftiecDfeMti^ &n*(D 1 /n ( n li^(7)JS*f¥7:S^ 1.2 — 

K^&tgffi. t(Dmizmte*mtc LfzVtm-c&f&JtmmzM L-cm&.*&W) uft 
^t.H7fei-i.^. mzftm&vm&izMLTffitemmTz^m&tf&r). m 

-?\ «3R4RRJt-rS"fe<DTl*ftUo 

*»wo>»i (ommiz^tTLit. (so) &^uts« 

(P) ±Cg^UTSfi^Slt5S^iTfeoT : 
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tm&Bin&* (pl) (DMmmi* (so) tm&tzma (60, pk)ij, 

*#(50) fc<D«HntttllWrSfetol3*ffi»a**lT^4«3tW (EX) 

-nizMLT. smb#^* 

2 ©«8tKllfi£x.tfs (5 0) £^LTS4Jr 

m&rt*-><Dik*&iKiz&&-*zt5L&yt¥ft (pl) ^Mxs 

ttlBJSUB^* (PL) # x €-<D5fe«(D^*?- (60) 3Sffifc£fc» i si® 
m ( A R 1 ) <hs mia®fSi^ (AR 1 ) ilS©m2«@^i|g ( A R 2 ) fcfc 

1 mmm card ( 5 0 ) i^r *«watt*<. m 2 km** ( a 

R2) (Dffi* (5 0) K:#««lfDl4<fcO«&*^B3te£iI (EX) A«»tt**LSo 
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mzMb-cm±t!tiT:^%-mmyt<Dfrteib*\ m^izmmm^mznLT 
wmtMfemmm?t'c&-o-c%, mw^m^t%(D%^±\z^Lxm > m.-t^z 

*m*M(Dm3(Dmfflzvtji\t, m%\z-j± (ed Tut^-^^m^. n$ 
->(D®z%Lte (50) £tf-LTS*£ (p) ±izmw LT&mzmft-tzmftm 

m&W->(D&*m&lZ&&-t (PL) h ; 

W&X&Jk (PL) (P) h<Dfa(D'J>fc < h*>-&*%LW ( 5 0 ) 

tc-tWa&W. ( 1 n 2 ) ; fefflt jLx 

»#(5 0) ©J*£«:cU (PL) hStfc (P) fcaNffllUfcltSi* 

ft(50) ©SStlCW&SES: v x »*(50) (CSit^p . ^(50) ©¥£14^ 
Ife^MiiLTs 2kft& (v-d-p)/>u^200 OA^S^^tUSI^i 
(EX) *<ii#t$*l?,o 

*f6«t«kWix ±E^^4»JS-rs«k-5t N JWB^* (PL) hii 
(P) fc©IH©'i>fc"< tfe— gPl3>«#:A<*t»^ti5^ i f ; *ift^-r2>C:hl3«t Ox 

*^CD^4 0)«Stil3^^li\ mUti-A (EL) (M) 
fclRWLs (5 0) fc4M,TJHfi (P) ±l^¥LTStg^ 

WE/t^->©<tfcat«i3«:jK-*-5«:ie3te^* (PL) h; 
SHB*t9*# (PL) h»£ (P) fc©f«(D'J>fc< ^fe-SP&{a#T»fcrfcto 
(K 2) h ; 

(5 0) (P) ©3tfi^lRli:5Fff^liaEfcfeoT3tttiSB3feSI« 
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(EX) tfiS&StiSo 

-XD&*m& (5 0) 4^LTSffi (P) ±lCfe^UTS45^S^i>^7 l c^ 

m& ( p ) ±©*i;i}&f* (so) £0ttt-r*ft»&B ( u 2 > h ; 

>ft'»&S (K 2) &«iJ9p-r£$J$P£S ( C 0 N T ) h ; ^ii, 
S*$l»£tt (CONT)lt M(P) ffilit+l^ (50) a>mteiM± 

zM&oizmmm. (k 2) %$ywr5a3tM (ex) tfum^ti*,, 
**«a)jis6(DJB*ccex.ttx Bas&s* (pl) \z±%jw - ><D&i£im. 

(P) ±l3&f£LTS*£ (P) M3fer5«3te*ai^fcl^T : 
mitmiz^ (P) <DH®£. (5 0) fc(D&fn1££SiSM-*fctf>l;:3l 

««^* (pl) t&m ( p ) *:©Ba<D'i>fc < hfe-su^^ ( 5 0 ) -on 
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jw-xd&£s fttt (5 0) bursts (P) ±IC^i$-Ti>c:hh$:#t? 

i> 0 0d;U4* ^^^fpit^a-r^^^. »tecD^®id^LT^^*iij^u 

in 5 (a) ~ (c) i4x mwmmtfMztiT\,\te^&&x^tmsi}i<Dm\z. 
Hie (a) ~ (c) i4s mmmmti<M£ntz&&ifc¥&iim&t:(Dr$izm#.tf 

HI 8 (a) JkXf (b) I4x fitted XJKDffe©*ifc0!l& ^-riHTfei>o 

El 9 14 x **R±l3l9[l^6*ifc* A-^^*^"j"EI"Cfe5o 

H11 OI±x ^te^/WXCDlgjiX^flD— ^^D-ft- KS-e&So 
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T^^M0D;^->CD^^a*5x^-vP S T ftTuaaKEPUitftieB 
^tS^f^PLiis «^MEX±#©ttflP4ttS*JW"i-SftiJ»SI«C0 

fc-a-rs*-iRi*ztt*-iRix ztt^ifijiiMit&^BrtTT^^MtatttiP ton 

»Hfclb:frlRj (^S^IrJ) SXa^^ Ztt^fa^tfYtt^falcMfctflRl (** 
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if^: (II2 4 8nm) (DUV3fe) A r Fx* v T U— !f$fe 

(Ml 9 3 nm) RVF 2 \s— V% (ifc* 1 5 7 nm) *©*£3B*Mfc (V U 

lZtft/J^lHHeRriSfeT?feSo ^X^f-vM S Tli'J-T^e-^^x'T.^T.^- 
vIElb^MMS T Dldct^lEtt^ti^o 77^7f-'>'eB«lMST Dli$U$P 
giCON TlZct !)W*^o TX^X^-^'M S T±CDTX^M(D2;^7L^- 

\*mM%kW: C 0 N T l3£tl^D^tl?>o SiJfP^SC O N TliU-if^tf-OttiWe* 

j$f^3^P L[±x T^^M©;T^->ftm5t©lft»W^TStRP^lft|gK 

m^li^SSPWx miiHT^b* (S U S 4 0 3 ) TJBfift**lfc«WP KT:^: 
i**iTH5, *HJfeJ^«8(^fei^Tx Safc^^PLIi* 

fl!>ur*lT?«fc«tL\ 0 *»i©^^^^P L©«*RPfB"J©5fe«ftSP7l3 
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^UT«ftnZ7T-^5 1 Z7f-v5 1 fe$»nXY7f-S/*5 
XY7f-v5 2^t§^-7 5 3 £*ffiz_T^Z 0 Sffi7f-vP 
S Ttt'J-T 7 ^-* ^CDg*5X ^ - 5>-|gib US PSTDtJ^ettdtiSoafcttE 
XT' — 2/lgib^SP S T DI4$(H&PIISC O N Tl3«fc *)fflffl£%i2> 0 Z7t-v5 
1 ^lEgjI-i.zhi-^Os Z7f->5 1 iz«ft£*iTU3^P©ZMi2riS]l;: 

££s XY^T-S/ , 5 2 48»t5 3d:«k!?> StSPODX Y^lRjMfcttSfiHt 

zxf-v5iii, «ip©7^-* xtiiMJBLifmws *mm u t^ik p (dbm 

XY7f->5 ZliaHRPCDXtt^atfYtt^lCfeltSifiiK* 

»f-vP S T (Z7f-v5 1 ) ±l3tt, H^f-vPSTtttl: 
^^*PLCWLT»»r*»iW»5 4 36«ia:l^6*iTt^o ^fes »«I«I5 

±©S«PcD2;^7c^[B](DfeSv »tfisite*r4u— warns sin^o u?;^ 
14 u — wawH- 5 5 (DMimmmiz^zsi\xm^T--y%mmm pstd ^mib 

t§3t«XT-yP S TlZ£#£ftTl^.SffiPa>{M*to&fT 

jft8BAft*JIfttifi<-i-5 fetors *IS^JIlt5e ^(Dtzlsb, 'J>te<t<bV 
X5M(DJ1$- >a>fc&2Hfi P±l3fe#LT u«BBI4x PCDSSBfcS*^ 
*PLflD$ti«gP7i:©IHlzm^CD»i*:5 0*«)»fe**i.So ±& Lfc<fc 5 
Tfe^m P L ©ftiiSgP 7 dte&^fft^ 6 OTkVWm P K ©— «P A«iB«**iT * 9 v 
»#5 0l43t^s*?- (tf^Xgp**) 60t,iffi P K tCUgfcfe-T*,, 
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It (g<*> hflU i MO &tfK r Fi*y?l/-tl (M2 4 8 nm) 
(DUVft) tUfeit^s iOB^ELfeaSfflRrUgTfeSo 

s*te£« e x its ®&%¥Jh p l o$fe*»sp 7 p <hoDp B ia)^p s i 5 6 \zm& 

#5 0*IsiiR-rs»f*:|aliRSI* (ft&gfis IsMX&B) 2fc*«x.TU*o 
«$S^fi 1 (is BU&3te3M*P L tattgP fcflDBB©il>*E < ffllUx S4fiP<D£ 

a^fiiii^RTtjafrsoftisrfeoTaooTx so tins. 

^lslilX^S2{i. IR3I<K>;A SIR Lfc»f*5 0 feiRS!-r5^ >^&^« 

KiiEUR y x;u 5 tf&mz tir t \ s o assume 2 (iigiR ;x;i/5 xtfisiiR* 

6 ft^ LT3?R3 5 6 (DfaW 5 0 fclHMJrTSo £M 5 6 \ZMW 5 0 fcfltfc-TPSU #J 
ftPHMC O N T l*a&f*#fcl£IIB 1 £5Etb L s 3 X)l 4*j\-LT 

£IB5 6 I: M ITf fii^FBli fc 0 5 0^t§thtC> »#Ih] 

2 Sffifi) U IhWR^ 5 JkZf\5\HRW 6 LTJHftB#Mi!Sfc Sffi^B© 
m#5 0%ffiHa5 6ct 0 ZftlZlJ:'^ i£f2*te96*PL©$fcSg|®7i:£ 

t5Pfc©IHI©£R8 5 6l3}$f*5 0#«#£*l3 o 

i:ltVC»»tSfi!)l:Ba!LT % XYXt-v5 2^ltI«[PA<+ 
X3-[rJ (XI*-X^|r)) • V (£l*»£f&*) -C&m-tZo % L/Tx 1 
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X;U4 (4A-4C) m&5 0 ZEtoSX^ 5 (5 As 5 B) hCD 

a) <DmmtYmijfaizmm^mmft£tevTt$*) . ^mPLo»7 

-X;frft$Jf;:2^<DlsMX^XJU5 A N 5 B#IB1t£*iTUSo flT, i^/X 
JU4 A~4CI4#t*&»3^LT»-*ttl&Sai l^^^tls HWX/ XJU 5 As 
5 Blt®^4&frLTte&®&!&m2lzmm£*ii:i\2>o £fcs #s*£yXJU4 
A~4 C hlUHX^ XJU5 A. 5 B k.fc9tmcR7<D$*iblZttLXV&'\ 80° 
LfettllIx'ttl&>'X^8A~8CtK HHR ^ X-IU 9 A s 9 B htflBg^ftTU 
So ^/X;U4 A~4ChI°Wxy XJU9 As 9 B hli YIS^IaJlZ^SlCliB^'J^F 
*U #M£/X;U8 A~8CfcHWR^X;U5 As 5 B fcliYtt^ftlll^SKllB?!)** 
tLs XJU 8 A~8Cli#M£ei O^^UTlgft^lltl IZl&$i<**U Is] 

iRyX>lU9As 9 BlilsJiR^I 1 *^LT5Rf*:|HliRM2l^tt*tlTt^So ^ 

£olZ?ft>ti2>o 

sts m3iz:^-rj:ai3s ftffi&J&teAsiiYi&iofammozMtiizi&te; 

XJU3 1 s 3 ZJBe.lfm&SXfrS 3 s 3 4 %Wc\+Z Z 2> 0 3c7>#fc*$y X 

^USlflHlilX/X^I^J: Os X^«i/X^tb-ri>P^<Z)St5PCD^S^lRl (Ylfc^ 

(Si) ^(D&mmz&^-ct. &&yt*£%kp LtmfaPt<D?g\\ztetes o&s&^u 

±MUycy X;U(D^[i#I^PS^^^S i fe(D-s:J5:< s ^J^lli"^^ 7 (D 
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IhIJJr *fT o c *<t* § £ <fc 3 iz-T 3 fcto x <> t SIR y t ± 
T 13 M^TIBS L T t» J: H o 

ttrl^af*5 0t»«1-«SP»-Cfeo.Tx 7t^m^6 0fflT®6 0 AJRtfttWP 
KTSO)- <»**t?»**WP L©T®7 Ax Mu©TI7 AiZ^rri.^ 
f$P KCD— gB<D$M7 B^tto **66J^IBtfet^Tx J*i*5 0 li7KT:&£>ktox 

tS»^3RPL0>$fe««P7l3feUTx itft^eOOS® (Tffl) 6 0 AM 
«IWPK<Z)T®©-aifl!>fll«**4:*ia5®«*AR 1 zcom 1 affi^USt A 
R 1 JBfflTfcoTfitWP KCDTffl©» ^fitfloP K©ffitf®Mfc*2Sl 

m^AR 2 tit. siM^nftsfiffiftia^ifi^tiTt^o ft#wi3iix ff?i a 

®fR«A R 1 (DmW (7X) 5 0li«-i-S»fn1±A^ H2S®^A R 2 ©>$f* 
(*) 5 0lltt«*WPl£J: "3 SgK ^2i®fiIAR K A 

can mmm&A r 1 UTii«ij«tt*##-rsiBu«<b4ffla (8kMb«ys) x 
mmnmitmtes oommzm\:T^t>^o ^mmmmiz^x, m&5 o 

ttffitt©*£^7kT?fcSfctf>x 0 1 SifttAR 1 

Mt5 3tt\ Z(DWi 1 SMtS^A R 1 I^LT«bK14*:^rSo fcS^tex 
*1 £®fS«A R 1 (D^m=F6 0(DT®6 0 AMtlPKIlMlTv 0fla.(* 
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mimmmAR 1 izoH&te£m&<D*$^ttm&z&^frt,(D*mmz®. 

»I^ff9Ct^t§So t>^3/U ff!1 «®^A R 1 <DJ3^X%m%t.lf 
£IMPK3l®£#£fg2SlESSI^AR ai^UTliJSTk-fbMa^^F^ 

tS7K1±^##i-§o mmjixtisTw-jvibmm (cfj £ah> 

r77 x T&irr ?> c f 4 x-?mm*m? z t \z «£ o r}§7.Kt££ft-#t- s c: 

>t>mwtez:<D^m-&m^2>z£tfT'Z2>o 

mSi^ttttZo g*£P©*t®£:P^-^&^£M^UT?l®^3ll,£ 



^ its mi «smA r 1 (d%lw 5 o izn-tz mute*. nimmm&K r 
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j&£fo%o *fcx yt&m^e o\zj&f&£ti2>mm\£. m^EL(D^±{zmm. 
<Dmm&mftftEL*&&zjmtemmzWLi£$ti%o 

- */ P S T \Z □ - K£*l£ 6. M^IC O N T l*ft#&&&tt 1 £M)U £ 

*5PcD^lb^[S]l3>ftoT^5 OtttiStSo 0!)x.l£x ^EPXa (EI2#!8S) T 
^-T^S^In] (-X;&IrJ) l;:*«P*»tt**T^Sa^&fT?^K:fix 
§3, A~4C V IhWX^4. M@«^X;i,5A, 5 B4fflUT> 

sts p x yjfaiztm-fzmziz. m^s^ikxm^yx^A (4 

A~4C) *^UT»f*ttfcM1 frS»f*5 Otf&iS&^PLhtttfiPiiCD 

Nii^tt^tiSfcfctiiix (euix^xjus (5 a. 5B) . &tf[E]iJRW6 £^UT 

o*^<*isi^S2i3iHiijx*tix u>x6 o t*tRP fcoia&»fet-«ka 
a«P4^»*-BrT^sB5t%fT-5«^i3r4, o. em^x;u8A~8 

C N miRei 1 s ^Z/|H]i|X^X;U9 A. 9B4ffll^ 1 atf*f* 

*l£OI^*ttrSI»IC:ttx 0SM/Xil,8 (8A-BC) £^UT)$ 

i^6»#5o im&x&Jh P)-tm&p t ©Bai^ttts**is ^ £ t 

lis lH]i|Ry X;U9 (9 A. 9 B) . &Z/Ie]aK® 1 1 £^LT>$te5 0#>fctelE]iB 

U 
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M2^:ffiUTS^PCDf$i!j^(S]l3}fioT^5 0^}^ o Z(D^, 0"J?tl3:>$ft 
^e>^^X;U4^^LTf^^tLi,^#:5 0 liStS P CD- Xloft^ 

CCD^#s jSfj^P L-^S^PIC^MM^^^tlT^^U^-lZlOUT 
[215[i^M^i*<^S^tLTl^^et^^-C:(D>^#:5 OCD^ti^^^Ill 

EI5 (a) l«*£X^-i>-P S T A<ff± UTU^^^^-rilTrfeSo )i£tt5 
5 0fc£ffiPfcl±§Rfttt#fflsUfctf>x »tefteii*£Uo H5 (b) l«$EPtf 

«f-vP s Ti^«fc «3 xn*iqii3iMh4iiB*ftLfe«iBft^-*-ia-efe*o 

5 OI±»«|-rft»RPI35loai6ti*«fc'5l3L-C*J&-r*o »f*5 O^StSPfc 
li*Wntt#«ufctfK *#5 0tt*«P<D«iS^6llt*L^»rt^o H5 (c) liS 

ffi*^-5?P S T±(Dai5P©f$ft!)5iJ^A<Sl3±#Lfc^pJ^7F^lllTfe^o & 
«Ph»f*:5 Ofc©iatftlIltfli« (ftfc) H 1 #J&SS*U L3^ti3te^*^6 0 
£i)$#5 0 t<Dr£lZt>mMmi£H 23Wdt**iS 0 dO>*MBMi**H 1 v H 2 #H 

IH 6 lis m 4 iMTl&eJl L£«fc 13«!»3t^^ P OD^SP 7 » P 
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me (a) itmfaxr-zsp s Tff&±LTi\zvm&7jk-f®-e&Zo fis&L 
mzffibTmfas o tm&p t<Dm*Q&*mtbfz<DT:. mt&meiti^^o me 
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